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([Poi, \S 149]), ,






KAM $n$ , $2n-1$
, $n=2$ 1 ,














, 2 , $n$
, 3 , (
) 4 ,
,
5 6 , KAM Nekhoroshev
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2. $\mathrm{n}$




$m_{k}$ , $q_{k}=(x_{3k-2}, x_{3k-1}, x_{3k})\in \mathrm{R}^{3}$
$\ovalbox{\tt\small REJECT}_{k}=-\sum_{\dot{j}\neq k}\frac{m_{j}(q_{k}-q_{j})}{|q_{k}-q_{j}^{\mathit{1}}|^{3}}$ $(k=1, \ldots, n)$ (1)
, $\ddot{q}_{k}=d^{2}q_{k}/dt^{2}$ ( $d/dt$ ) ,




, ( $=P_{1}$ )
, $m_{2}=\cdots=m\text{ }=0$ , (1)
$\ddot{q}_{1}=0$ , $\ddot{q}_{k}=-\frac{m_{1}(q_{k}-q_{1})}{|q_{k}-q_{1}|^{3}}$ $(k=2, \ldots, n)$
$P_{1}$ ( 0) , $\mathrm{R}^{3}\text{ }$
‘
, $\ddot{q}_{1}=0$ $q_{1}(t)\equiv 0$ ,




, (1) $m_{2},$ $\ldots$ , m
,
$n=3$ , $m_{2},$ $m_{3}$ 0 , $m_{3}=0$
(1)
$\{$
$..1= \frac{m_{2}(q_{2}-q_{1})}{|q_{2}-q_{1}|^{3}}$ , $\cdot.2=\frac{m_{1}(q_{1}-q_{2})}{|q_{2}-q_{1}|^{3}}$ ,
$..3= \frac{m_{1}(q_{1}-q_{3})}{|q_{1}-q_{3}|^{3}}+\frac{m_{2}(q_{2}-q_{3})}{|q_{2}-q_{3}|^{3}}$
(3)
1 2 , , $q_{1}=$
$q_{1}(t),$ $q_{2}=q_{2}(t)$ 2 $q_{3}$
3 , ,







, $P_{1},$ $P_{2}$ ,
, 2 $q_{3}$
( - 3 1) ,
$\alpha$ , $a>0$ $\alpha^{2}a^{3}=1$ , $P_{1},$ $P_{2}$ ( )
$\mu a,$ $(1-\mu)a$ , $\alpha$
, $q_{3}$ $(x_{1},x_{2})$
, $P_{3}$ , $H$ 2
$t$ ([It4, pp.224-225] ) :
$\{$
$H(x,y)= \frac{1}{2}(y_{1}^{2}+y_{2}^{2})+\alpha(x_{2}y_{1}-x_{1}y_{2})-V(x)$;
$V(x)= \frac{1-\mu}{\sqrt{(\mu a+x_{1})^{2}+x_{2}^{2}}}+\frac{\mu}{\sqrt{((1-\mu)a-x_{1})^{2}+x_{2}^{2}}}$ . (4)
- 3 , 2
, ,






1 $\mathrm{R}^{2n}$ $D$ $H(x, y)$
$X_{H}$ , $n$ 1 , $D$
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, $H$ $X_{H}$ 1 , $n$ 1
$H$ , $D$ $G_{1},$ $\ldots,$ $G_{n}$
, $\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}G_{1},$ $\ldots,$ $\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}G_{n}$ $D$ 1
, ,
0 ,
$\{G_{i}, G_{j}\}:=(\mathrm{g}\mathrm{a}\mathrm{d}$ $G_{i}$ , Jgrad $G_{j}\rangle$ $=0$ $(i,j=1, \ldots,n)$ , $J=(\begin{array}{ll}O I-I O\end{array})$
( $G_{i}$ $G_{j}$ ) , $\langle\cdot, \cdot\rangle$
, $O,$ $I$ $n$ , $\{G_{i}, H\}=0$
$G_{i}$ $X_{H}$ 1
, 2 ) (4) $\mu=0$ , $G_{2}=x_{1}y_{2}-x_{2}y_{1}$
, $H$ 1
, $n$ 1 $G_{i}(i=1, \ldots, n, G_{1}=H)$
$\mathrm{R}^{n}$
$G=(G_{1}, \ldots, G_{n}):Darrow \mathrm{R}^{n}$
$G^{-1}(c)$ ( $c=(c_{1},$
$\ldots,$
$c_{n})\in \mathrm{R}^{n}$ ) $c$ $G$
, $G^{-1}(c)$ $n$ ,
1(Liouvile-Arnol’d) $D\subset \mathrm{R}^{2n}$ $X_{H}$
, $G_{1}=H,$ $G_{2},$ $\ldots,$ $G_{n}$ 1 , $c\in \mathrm{R}^{n}$ $G$
, $\Sigma_{c}$ $G^{-1}(c)$ , $\Sigma_{c}$ $n$
$\mathrm{T}^{n}(\cong \mathrm{R}^{n}/2\pi \mathrm{Z}^{n})$ , $\mathrm{R}^{n}$ $U$ \Sigma $V$
( ) $\varphi:\mathrm{T}^{n}\cross Uarrow V$ , $\varphi(\mathrm{T}^{n}\cross\{0\})=\Sigma_{c}$
, $(\theta, I)\in \mathrm{T}^{n}\cross U$ , $G_{i^{\text{ }}}\varphi(\theta, I)(i=1, \ldots, n)$ $I$
, $\theta$ , $I$ $G_{i}\circ\varphi=g_{i}$ ,
$Xc\dot{.}$ -
$\ovalbox{\tt\small REJECT}_{k}=\frac{\partial g_{i}}{\partial I_{k}}$ , $j_{k}=- \frac{\partial g_{i}}{\partial\theta_{k}}=0$ $(k=1, \ldots, n)$
, $I_{k}=$ , ,
















- , Delauney Kepler























2 $\dot{x}=f(x)(x\in \mathrm{R}^{n})$ $x(t)\equiv x_{0}$
( ) , $x_{0}$ $U$ , $x_{0}$ $V$
, $t=0$ $x=\xi\in V$ $x(t, \xi)$ $t\in \mathrm{R}$ $x(t, \xi)\in U$
,
, , ,
Dirichlet ( $[\mathrm{S}\mathrm{M},$ \S 29] )
2(Dirichlet) $\dot{x}=f(x)$ $\mathrm{R}^{m}$ ,
$x=0$ ,
( ) 1 ,
$f$ 1 $G$ , $x=0$ ,
$\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}G(0)=0$ , $\mathrm{H}\mathrm{e}\mathrm{s}\mathrm{s}G(0)$
36
, , ( $n$ )
,






, $t$ $([\mathrm{S}\mathrm{M}, \S 14])$
3 , $3\cross 2=6$ , ( )
2 , , . 6
1 , 3
, , 2 (–
$\pm\sqrt{-1}$) , ,
( $\pm\sqrt{-1}$) $([\mathrm{S}\mathrm{M}$ \S 18] $)$ ,
, , (
) 2 , ,
, , -
3 , (4)
, 4 $L_{1}\sim L_{5}$ ,
, 20 $L_{4},$ $L_{5}$
( [Ar5]


















$H(x, y)= \sum_{k=1}^{n}\frac{\alpha_{k}}{2}(x_{k}^{2}+y_{k}^{2})+O(|x|^{3}+|y|^{3})$ . (5)








, ( $\mathrm{G}.\mathrm{D}$ . Birkhoff)
3(5) $H$ , $\alpha_{1},$
$\ldots,$
$\alpha_{n}$ $N$ ,




$((=(\xi, \eta))$ $H$ :
$\{$
$H\circ\varphi(\zeta)=h(\tau)+O(|\zeta|^{N+1})$ ;
$h( \tau)=\sum_{j=1}^{[N/2]}h_{2j}(\tau)$ , $h_{2}( \tau)=\sum_{j=1}^{n}\alpha_{j}\tau_{j}$ , $\tau=(\tau_{1}, \ldots, \tau_{n})$ , $\tau_{k}=\frac{1}{2}(\xi_{k}^{2}+\eta_{k}^{2})$ . (6)
, $h_{2j}(\tau)$ $\tau_{1},$
$\ldots,$
$\tau_{n}$ $j$ , $[N/2]$ $N/2$
$H_{\text{ }}\varphi$ $N$ , $\varphi$
, $h(\tau)$
([Itl] ) , $h(\tau)$ ,




, (6) $h(\tau)$ $X_{h}$
, $X_{h}$
$\dot{\xi}_{k}=\frac{\partial h}{\partial\eta_{k}}=\frac{\partial h}{\partial\tau_{k}}\eta_{k}$ , $\dot{\eta}_{k}=-\frac{\partial h}{\partial\xi_{k}}=-\frac{\partial h}{\partial\tau_{k}}\xi_{k}$ $(k=1, \ldots, n)$
,
$\frac{d}{dt}\tau_{k}=\xi_{k}\dot{\xi}_{k}+\eta_{k}\dot{\eta}_{k}=0$
, $\tau_{k}$ $X_{h}$ 1 , $X_{h}$ $\zeta(t)=(\xi(t), \eta(t))$





$\alpha_{n}$ 1 ( , ,
), $H$ $N$
, ,
$\varphi$ , $H_{\text{ }}\varphi$ $\tau_{1},$ $\ldots,$ $\tau_{n}$
$\varphi$ , $H_{\text{ }}\varphi$
,




$\langle k, \alpha\rangle=\Sigma k_{j}\alpha_{j}$ ,
$j=1$
$\langle k, \alpha\rangle$ $N=\infty$ , $|k|arrow\infty$
$\langle k, \alpha\rangle$ 0 , (
) 1 [
,
Siegel ([Sie]) , Siegel ,
, (= )
( $[\mathrm{S}\mathrm{M},$ \S 30] ) , 6
, ?
,
4[Itl] $H$ , $X_{H}$
, $X_{H}$ $n$
1 $G_{1}=H,$ $G_{2},$ $\ldots,$ $G_{n}$ , $\varphi$
, $n$ $G_{k^{\text{ }}}\varphi(\zeta)(k=1, \ldots, n)$ $\tau_{1},$ $\ldots,$ $\tau_{n}$
$G_{1^{\text{ }}}\varphi,$
$\ldots,$
$G_{n^{\text{ }}}\varphi$ $\zeta=(\xi, \eta)$ - , $\{G_{i^{\text{ }}}\varphi, G_{j}\circ\varphi\}\equiv 0$
, , $G_{1},$ $\ldots,$ $G_{n}$
, $X_{H}$
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4 $\varphi$ 3 ,
, $\langle k, \alpha\rangle$ , n. $G_{1}\circ\varphi,$
$\ldots,$
$G_{n}\circ\varphi$
, $\varphi$ ( )
,
, ,
, 4 ([Itl]) ,
1 4 , $D\subset \mathrm{R}^{2n}$




, 1 $G$ ,




$k+1$ $n$ , $k$
1 ([It2] )
, (5) $H$ $N\geq 2$ ,
$H\circ\varphi(\zeta)=h(\zeta)+O(|\zeta|^{N+1})$ , $\{h, h_{2}\}=0$ , $h_{2}= \sum_{k=1}^{n}\alpha_{k}\tau_{k}$
( ) $z=\varphi(()=\zeta+O(|(|^{2})$
$H\circ\varphi$ $N$ (Birkhoff-Gustavson












[A.1] $n-1$ $X_{2},$ $\ldots,$ $X_{n}$ , (i), (ii)
(i) $[X_{1}, X.\cdot]=0$ $(i=2, \ldots, n)$ , ([, ] ),
(ii) $X_{1},$ $\ldots,$ $X_{n}$ ( ) $X_{1}^{0},$ $\ldots,X_{n}^{0}$ 1
Q
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[A.2] $n$ $G_{1},$ $\ldots,$ $G_{n}$ , $X_{1},$ $\ldots$ , X
1
, $z=\varphi(\zeta),$ $\zeta=(\xi, \eta)\in \mathrm{C}^{n}\cross \mathrm{C}^{n}$ ,
$X_{i}(i=1, \ldots, n)$ :
$\dot{\xi}_{j}=p_{ij}(\tau)\eta_{j}$ , $\dot{\eta}_{j}=-p_{ij}(\tau)\xi_{j}$ $(j=1, \ldots, n)$ . (8)
, $p_{ij}(\tau)$ &X $n$ $\tau_{j}=\frac{1}{2}(\xi_{j}^{2}+\eta_{j}^{2})(j=1, \ldots, n)$
, $G_{k}\circ\varphi(k=1, \ldots, n)$ $\tau_{1},$
$\ldots,$
$\tau_{n}$ {





$[X_{i}, X_{j}]=0$ $\varphi$ , $\varphi$ $n$
$X_{1},$
$\ldots,$
$X_{n}$ $n$ 1 $G_{1},$ $\ldots,$ $G_{n}$






, [A.1] [A.2] $X_{1}$
, ( 1) ,
$X_{G}.\cdot=X_{i}$ [A. 1] [A.2] , [A. 1] [A.2] Liouville-
Arnol’d {[Bo]
) , 5 [A.1] (ii) $(\mathrm{i}\mathrm{i})’$
, ,





$\ovalbox{\tt\small REJECT}_{k}=\frac{\partial H}{\partial I_{k}}$ , $j_{k}=- \frac{\partial H}{\partial\theta_{k}}$ $(k=1, \ldots,n)$ ;
$H=h(I)+\epsilon f(\theta, I, \epsilon)$
(9)
, $\theta=$
$(\theta_{1}, \ldots, \theta_{n})\in \mathrm{R}^{n},$ $I=(I_{1}, \ldots, I_{n})\in D$ ( $D$ $\mathrm{R}^{n}$ ) , $\epsilon\in \mathrm{A}:=(-\epsilon_{0}, \epsilon)(\epsilon_{0}>0$





$2\pi$ $H$ $\mathrm{T}^{n}\cross D\cross\Lambda$
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KAM , 1954 Kolmogorov ([Ko]) Arnol’ $\mathrm{d}$ ([Arl])
1960 , Moser ([MO1])




Kolmogorov Arnol’ $\mathrm{d}$ , Moser





“rapidly convergent iteration method” , 1980
, $\mathrm{K}\mathrm{d}\mathrm{V}$ $\text{ }\nearrow$ a
,
, ([Kul], [Ku2] )
, (9) KAM
,
([SZ] ) , , ,
$\epsilon=0$ , (9) ,
$\theta(t)=\theta(0)+t\omega(I_{0})$ , $I(t)=I_{0}$ ( $=$ ), $\omega(I_{0})=\frac{\partial h}{\partial I}(I_{0})$
$n$ $I=I_{0}$ (9)




6(KAM) $|\epsilon|$ (9) , $D$ $\det(\partial^{2}h/\partial I^{2})\neq 0$
, $D$ $D_{\epsilon}$ $\varphi_{\epsilon}:\mathrm{T}^{n}\cross D_{\epsilon}arrow \mathrm{T}^{n}\mathrm{x}D$
:
(i) $D_{\epsilon}$ $D\backslash D_{\epsilon}$ , $\epsilonarrow 0$ 0
(ii) $\varphi_{\epsilon}$ , $\theta_{1},$
$\ldots,$
$\theta_{n}$
(iii) $I_{0}\in D_{\epsilon}$ , $\varphi_{\epsilon}(\mathrm{T}^{n}\cross\{I=I_{0}\})$ (9) $n$
,







$|\langle k,\omega\rangle|\geq\gamma|k|^{-\tau}$ $(k\in \mathrm{Z}^{n}\backslash \{0\})$ (10)
, $\gamma,$ $\tau$ ( )
$\omega\in \mathrm{R}^{n}$
6 (i) , $D_{\epsilon}$
KAM , (9)
6 ,
$\theta’=\theta+\omega(I)+\epsilon f(\theta, I, \epsilon)$ , $I’=I+\epsilon g(\theta, I, \epsilon)$ $(\theta\in \mathrm{T}^{n}, I\in D\subset \mathrm{R}^{n})$ (11)
, (Twist )
$\det\frac{\partial\omega}{\partial I}\neq 0$ (12)
(12) ( ) Twist
,
([Ar4], [AKN] ) ,
,
Arnol’ $\mathrm{d}$ ([Arl]) ,
,
,
([AKN, Chap 5] ) , Twist
([AA]) , Nekhoroshev
, KAM Nekhoroshev
([DG], [GiMo], [JV] )
Moser , $\omega$ ,
$\theta\mapsto\theta+\omega$
, Twist map theorem ([MO1].
$[\mathrm{S}\mathrm{M},$ \S \S 32-33 $]$ ) 6 (i) ,
([SZ] ) , 6 (i)
P\"oschel ([Posl])




1980 Eliasson ([E2]) (
, ) , Gallavotti
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([BG], [Ga], $[\mathrm{G}\mathrm{M}]_{\text{ }}$ [GL] )
, 6 $\det(\partial^{2}h/\partial I^{2})\neq 0$ Twist
, $I$ $\omega=\partial h/\partial I$ $I\mapsto\partial h/\partial I$








(11) , Twist (12) (13)
, Twist KAM , 6
([BH]) ([DG])
$H= \frac{1}{2}(I_{1}^{2}-I_{2}^{2})+\epsilon\sin(\theta_{1}-\theta_{2})$
$\ovalbox{\tt\small REJECT}_{1}=I_{1}$ , $\dot{\theta}_{2}=-I_{2}$ , $j_{1}=-\epsilon\cos(\theta_{1}-\theta_{2})$ , $j_{2}=\epsilon\cos(\theta_{1}-\theta_{2})$
,










2 3 , , 2
$([\mathrm{S}\mathrm{M},$ \S \S 34-35] $)$
,
7(Arnol’ $\mathrm{d}$) $\mathrm{R}^{4}$ 4
$H= \sum_{k=1}^{2}\alpha_{k}\tau_{k}+\frac{1}{2}\sum_{k,\ell=1}^{2}$ \beta \mbox{\boldmath $\tau$}k\mbox{\boldmath $\tau$}l+O(|z|5), $\tau_{k}=\frac{1}{2}(x_{k}^{2}+y_{k}^{2})$ , $z=(x_{1}, x_{2}, y_{1}, y_{2})$
,
$\det(\begin{array}{lll}\beta_{11} \beta_{12} \alpha_{1}\beta_{21} \beta_{22} \alpha_{2}\alpha_{1} \alpha_{2} 0\end{array})\neq 0$
, $z=0$ $X_{H}$
, 3 $L_{4},$ $L_{5}$
( $[\mathrm{S}\mathrm{M}$ \S 35] ) ,








$\epsilon=$ , $\epsilon\sim 10^{-3}$ , KAM
$\epsilon\sim 10^{-48}$ ([He], [Per] )
7
, A. Celletti, L. Chierchia
([CC], [CGL] ).
KAM , 1990 , [AKN]








, $N$ (6) ,
45
\Sigma (7) , $c_{k}$ $d$ , $n-d$




([Mel], [Me2]), 1980 Eliasson [E1] $\}$
$n+m$
$H(\theta, I, z)=h(I,z)+f(\theta,I,z)$ , $\theta\in \mathrm{T}^{n}$, $I\in D\subset \mathrm{R}^{n}$ , $z=(x,y)\in \mathrm{R}^{m}\cross \mathrm{R}^{m}$
,
$\frac{\partial h}{\partial z}(I, 0)=0$
, $z=0$ $X_{h}$ ,
$X_{h}$ $I_{0}\in \mathrm{R}^{n}$
$\theta(t)=\theta_{0}+\omega t$ , $I(t)=I_{0}$ , $\omega=\frac{\partial h}{\partial I}(I_{0},0)$
, $2n$ $z=0$ $X_{h}$ $n$ $n$
foliation
, $h$ $z=0$ $z$ Taylor ,
$h(I,z)=h(I,0)+ \frac{1}{2}\langle h_{zz}(I,0)z, z\rangle+O(|z|^{3})$
$\det(\frac{\partial^{2}h}{\partial I^{2}})(I_{0},0)\neq 0$
1 $I\mapsto(\partial h/\partial I)(I, 0)$ 1 1 , $I_{0}\in D$ $\omega=(\partial h/\partial I)(I_{0},0)$
, $\text{ }-$ $\mathrm{T}^{n}\cross\{I=I_{0}\}\cross\{z=0\}$






$A(\omega)=h_{zz}(h_{I}^{-1}(\omega), 0)$ $2m$ $\{I=$
$I_{0},$ $z=0\}$ $f=0$ $X_{h}$ $n$ ,
$JA(\omega)$ $J$
$2m$ ( $I_{m}$ $m$ ) :
$J=($ $-I_{m}O$ $I_{m}O$ ).
, $JA(\omega)$ 0 ,
46
, Moser, Graff ([M02], [Gr]) , KAM
(10) $n$
, Melnikov ([Mel], [Me2])
$H=N+P$; $N= \sum_{k=1}^{n}\omega_{k}I_{k}+\frac{1}{2}\sum_{j=1}^{m}\Omega_{j}(\omega)(x_{j}^{2}+y_{j}^{2})$ , $P=P(\theta, I, x, y,\omega)$ (14)
, $(\omega, \Omega)$ ,
$| \langle k,\hat{\omega}\rangle+\langle\ell,\hat{\Omega}\rangle|>\frac{1}{2}\gamma|k|^{-\tau}$, $|\ell|\leq 2$
$(\hat{\omega},\hat{\Omega})$ $n$
, Eliasson , P\"oschel
[E1] [POs2]
, , J. Xu J. You
8[XY] $n+m$ (14) , $\omega=(\omega_{1}, \ldots, \omega_{n})$
$\mathcal{O}\subset \mathrm{R}^{n}$ ,
$k\in \mathrm{Z}^{n}\backslash \{0\}$ $\langle k,\omega\rangle\not\equiv \mathrm{O}$ $\langle k,\omega\rangle+\Omega_{j}(\omega)\not\equiv 0$ $(j=1, \ldots, m)$
( $\not\equiv 0$ $\omega\in \mathcal{O}$ 0 )
, $P$ , $\omega\in \mathcal{O}$ , $\omega$
$\omega_{*}$ $n$ , $\omega_{*}$
$|\langle k,\omega_{*}\rangle|>\alpha(|k|+1)^{-n}$ ( $\alpha$ )
, $P$ , (
[XY] ) , $\det(\partial^{2}h/\partial I^{2})\neq 0$ , $\omega=\partial h/\partial I$
, $\omega$ $\mathrm{R}^{n}$ , , $\langle k,\omega\rangle\not\equiv 0$
, KAM , KAM
( 6) ,





, ( “whiskered tori”)
KAM
, ,
, , 3( ,
2) ([Ar3], [AA] )
47
, [BCV],





$||I(t)-I(0)||\leq R\epsilon^{b}$ $(|t|\leq T\exp(\epsilon^{-a}))$
, $R,$ $T,$ $a,$ $b$ $a,b$
,
Nekhoroshev “steep”
Benettin, Giorgilli –7 ([BGGI], [BGG2])
, steep ( ) “quasi-
convex” , $a,b$
, P\"oschel ([POs3])
$D$ $\mathrm{R}^{n}$ , $h(I)$ $I\in D$ , $D$
$D_{r}:=\{I\in \mathrm{C}^{n}|||I-D||<r\}$
, $||I-D||<r$ $I\in \mathrm{C}^{n}$ $D$
H $h$ $\ell,$ $m$-quasiconvex ,
$I\in D_{r}\cap \mathrm{R}^{n}$ , $\xi\in \mathrm{R}^{n}$
:
(i) $| \langle\frac{\partial h}{\partial I}(I),\xi\rangle|>\ell||\xi||$ , (ii) $\langle\frac{\partial^{2}h}{\partial I^{2}}(I)\xi,\xi\rangle\geq m||\xi||^{2}$ .
$\langle\partial h/\partial I,\xi\rangle=0$ $\xi\in \mathrm{R}^{n}$ (ii)
$h(I)=$ ,
(13) ([Lol, p.76]. [BHS, p.lll] )
$\mathrm{T}^{n}=\mathrm{R}^{n}/2\pi \mathrm{Z}^{n}$ $\mathrm{T}_{s}^{n}$
$\mathrm{T}_{s}^{n}:=\{\theta\in \mathrm{C}^{n}||{\rm Im}\theta_{k}|<s (k=1, \ldots,n)\}$
, $\mathrm{T}_{s}^{n}\cross D_{r}$ $\theta_{1},$
$\ldots,$
$\theta_{n}$ $2\pi$ $f(\theta, I)=$
$\sum_{k\in \mathrm{Z}^{n}}f_{k}(I)e^{i\langle k,\theta)}$
$||f||_{D,r,s}$ :
$||f||_{D,r,s}:= \sup_{I\in D_{\tau}}\sum_{k\in \mathrm{Z}^{n}}|f_{k}(I)|e^{|k|s}$
$(|k|=|k_{1}|+\cdots+|k_{n}|)$
, $r,$ $M,A$




, $||\partial^{2}h/\partial I^{2}||$ 2 $h/\partial I^{2}$ $\text{ }$
9[POs3] $H(\theta, I)=h(I)+f(\theta, I)$ $\mathrm{T}_{s}^{n}\cross D_{r}$ , $h$ $D_{r}\cap \mathrm{R}^{n}$
$\ell,$ $m$-quasiconvex , $\epsilon.\leq\epsilon_{0}$
$||f||_{D,r,s}\leq\epsilon$
, $X_{H}$ $(\theta(0), I(0))\in \mathrm{T}^{n}\cross D$
$(\theta(t), I(t))$
$||I(t)-I(0)|| \leq R_{0}(\frac{\epsilon}{\epsilon_{0}})^{a}$ $(|t| \in T_{0}\exp(\frac{s}{6}(\frac{\epsilon}{\epsilon_{0}})^{-b}))$
, $||( \partial h/\partial I)(I(0))||\leq\frac{mr}{8}$ $||I(t)-I(\mathrm{O})||\leq r$ $t\in \mathrm{R}$
, $a,$ $b,$ $R_{0},$ $T_{0}$ :
$a=b= \frac{1}{2n}$ $R_{0}= \frac{r}{A}$ , $T_{0}=A^{2} \frac{s}{\Omega}$ ( $\Omega=\sup_{||I-I(0)||\leq R_{0}}||\omega(I)||$ ).
$a,$ $b$ , , $a=b$
([LO1], [L02] )
, Nekhoroshev ([Nel], [Ne2])
, $($Lochak [Lol], [Lo2] $)’$
2 , P\"oschel , Lochak
Neishtadt $([\mathrm{L}\mathrm{o}\mathrm{N}])$
, $H=h+f$
, $(\theta, I)=\varphi(\theta’, I’)$ $H\circ\varphi$ (
$I’$ ) , ?
.
$\langle k,\omega(I)\rangle$ , ([AKN,
pp.175-176] ) , , $K,$ $\alpha$ , $I\in D$




$||I(t)-I(\mathrm{O})||\leq r$ $(|t| \leq\frac{sr}{5\epsilon}e^{Ks/6})$ (16)






$K=( \frac{\epsilon_{0}}{\epsilon})^{a}$ , $a= \frac{1}{2n}$







2 , (Lochak )






10([Nie], [FGB], [POs4]) $H(x,y)$ $\mathrm{R}^{2n}$ , $N$
$\{$
$H(x,y)=h(\tau)+f(x,y)$ ;
$h( \tau)=\langle\alpha,\tau\rangle+\frac{1}{2}\langle A\tau, \tau\rangle+h_{6}(\tau)+\cdots+h_{N}(\tau)$, $f(x,y)=O(|x|^{N+1}+|y|^{N+1})$
. ,
$\alpha=(\alpha_{1}, \ldots, \alpha_{n})\in \mathrm{B}^{n}$ , $\tau=(\tau_{1}, \ldots, \tau_{n})$ , $\tau_{k}=\frac{1}{2}(x_{k}^{2}+y_{k}^{2})$
, $h_{j}(\tau)$ $j$ 0, $\tau_{1},$
$\ldots,$
$\tau_{n}$ $j/2$-
, $A=h_{\tau\tau}(0)$ , $\delta$ , $X_{H}$
$(x(t),y(t))$ $|\tau(0)|<\delta^{2}$
$|\tau(t)-\tau(0)|<c\delta^{2+\lambda a}$ $(|t|< \frac{1}{|\alpha|}\exp(d\delta^{-\lambda a}))$ (17)
, $| \tau|=\sum_{k=1}^{n}|\tau_{k}|,$ $c,$ $d$ $A$ $n$ , $a,$ $\lambda$
$a= \frac{1}{2n}$ , $\lambda=N-3$
50
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